Free Electron Lasers (FELs) are the next generation of large scale facilities that delivers ultra-short and bright pulses down to hard x-rays with unprecedented peak brilliance. Nowadays, FELs emitting in the soft and hard X-ray region are based on noise amplification (SASE FELs) suffering from partial longitudinal coherence, temporal jitter and other related problems.
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Seeding the FEL with an external, highly coherent lasing source allows to improve the FEL pulse coherence properties. High-order harmonic generation (HHG) offers the most compact, tunable, cost effective and jitter-free solution for seeding the FEL undulator [1] . However, FEL noise increases with the photon energy so the seeding power has to be increased for seeding at shorter wavelength.
In this work, we present a bright and fully phase matched high harmonic (HH) source for seeding an FEL in the soft X-ray spectral region around 120 eV, being significantly shorter than what has been demonstrated up to now (40 nm [2]) Full phase matching of the generated harmonics is achieved using an unmodulated hollow waveguide, see Fig 1. a) . The waveguide consists on an assembly of two sapphire blocks where a semi-cylindrical groove of 100 μm radius has been drilled. The generated harmonics are characterized with a grating based spectrometer.
acterized with a grating based spectrometer. Full phase matching is achieved by tunning the gas pressure in the waveguide in order to balance the various dispersion terms [3] . In our experiment, this is achieved in He with laser intensities of 7 · 10 14 W/cm −2 (λ=0.8 μm) and a pressure of 200 mbar as shown in Fig.1 b) . In the fully phase-matched conditions, the harmonic plateau is extended (compared to non-phase matched conditions) and the cut off shifts to 140 eV. Under these conditions, we achieved a photon flux of 10 10 photons/s at 120 eV central energy with a 80 eV FWHM bandwidth. The available harmonic power in a bandwidth of 1 % ( 1 kW) is 5 time above the shot noise of the SwissFEL soft x-ray beamline ( 0.2 kW) making this a very promising source for seeding FELs. 
